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Abstract
Contextual inhibition of neural activity in the primary visual cortex begins immediately and is most pronounced in the early
transient response component. Using backward masking to control available processing time, we investigated whether the
interaction between perceptual contextual modulation and processing time reflects the neural dynamics of contextual inhibition.
We found that the threshold elevation due to contextual inhibition in an orientation-discrimination task is essentially independent
of the available processing time and that it is closely related to contextual inhibition of the early transient response component
of orientation-selective neurons in the primary visual cortex. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction
Orientation-specific responses of visual cortical neu-
rons, as well as orientation-discrimination threshold of
human observers are strongly influenced by the stimu-
lus surround (Knierim & van Essen, 1992; Sillito,
Grieve, Jones, Cudeiro, & Davis, 1995; Levitt & Lund,
1997; Kapadia, Westheimer, & Gilbert, 1999; Li, Thier,
& Wehrhahn, 2000). In orientation-discrimination
tasks, threshold is significantly elevated when similarly
oriented elements surround the target, compared to
when the target is shown alone (Wehrhahn, Li, &
Westheimer, 1996; Li et al., 2000). These findings agree
with electrophysiological recordings from monkey V1
neurons, which have shown that orientation-specific
responses evoked by stimulation in the cell’s classical
receptive field are strongly inhibited when similarly
oriented stimuli are placed in the receptive field sur-
round (Li et al., 2000). A detailed comparison of con-
text-induced perceptual and neural effects suggests that
contextual effects on human orientation-discrimination
thresholds are strongly related to the surround modula-
tion of the V1 neuronal activity (Li et al., 2000).
The response of V1 neurons can be divided into two
components (for a review, see Lamme, Super, &
Spekreijse, 1998). The first is a transient component
that reflects mainly feedforward processing and carries
information mainly about receptive field tuning proper-
ties. The second component starts about 100 ms after
stimulus onset and exhibits modulations due to figure–
ground segregation and attention. An intriguing prop-
erty of the surround inhibition in V1 is that it starts
with a very short or zero delay, and thus it is already
present in the first transient component of the neuronal
response (Knierim & van Essen, 1992; Kapadia et al.,
1999; Nothdurft, Gallant, & Van Essen, 1999; Li et al.,
2000). The strongest inhibition occurs at about the
same time when the response to the stimulus in the
center of the receptive field reaches its maximum (Ka-
padia et al., 1999; Li et al., 2000). If there is a strong
relationship between the surround inhibition in V1 and
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the context-induced orientation discrimination
threshold elevation, as previous studies have shown, the
neural dynamics of the contextual inhibition allows us
to make the following prediction: the strength of the
contextual effect should be independent of the time
available to process the target. To test this prediction,
we studied the effect of backward masking on the
orientation discrimination threshold both in the ab-
sence and in the presence of high-contrast flanks sur-
rounding the target.
2. Methods
One of the authors and three naı¨ve observers with
normal or corrected-to-normal vision participated in
the experiments. Stimuli were displayed on an SGI
Indigo (1024×1286-pixel monitor), and the viewing
distance was 110 cm. The mean luminance was 32
cd/m2, and the frame rate was 70 Hz. The target and
the surrounding flanks were Gabor patches (GP). The
GP wavelength () was 0.24 deg, and the Gaussian
envelope size was 1.5. The target GP contrast was
36%, while the flank GPs had 72% contrast. A plaid,
composed of two superimposed vertical and horizontal
GPs, was used as a mask. The mask contrast was 90%.
The target GP was displayed randomly in one of the
visual quadrants at 4 degree eccentricity. The target–
flank separation was 4.
2.1. Procedure
Observers initiated each trial by pressing a key. After
the key press, there was a delay of randomly selected
duration (300–500 ms range), which was followed by a
spatial cue. The cue was 100% valid and was displayed
for 97 ms. The target was displayed immediately after
the cue offset and was present for 56 ms. In the
flank-present condition, four flanks were always dis-
played simultaneously with the target for the same
duration. The SOA, which separated the target and
mask onset, was the independent variable. Observers
were required to report whether the target was tilted
left or right in a 2AFC procedure. Audio feedback was
given on incorrect responses. Contrast thresholds were
estimated by a staircase procedure (Tolhurst & Barfield,
1978), which established the threshold at 75% correct
discrimination. Each staircase was terminated after 13
reversals. The mean of the last 10 reversals was taken as
the discrimination threshold. Each data point repre-
sents the mean of six replications, and the bars repre-
sent 1 standard error of the mean.
3. Results
We measured orientation discrimination threshold as
a function of SOA (stimulus onset asynchrony). SOA,
the time between the onsets of the target and a high-
contrast mask, provides a good measure for the avail-
able processing time. In a two-alternative forced-choice
(2AFC) procedure, observers were required to report
whether the target was tilted left or right of vertical (see
Fig. 1).
The shortest SOA was 56 ms, which is equal to the
target duration. There was a strong masking effect for
all four observers in the no-flanks condition. On aver-
age, orientation discrimination threshold was two times
higher at the shortest SOA compared to the longest,
which was 392 ms. Fig. 2 shows how thresholds vary
with SOA for the four observers.
The presence of flanks resulted in a significant eleva-
tion of the orientation discrimination threshold. The
flanking effect was orientation-specific, since orthogo-
nal flanks had no significant effect on the orientation
discrimination threshold (data not shown). To illustrate
the magnitude of contextual inhibition as a function of
SOA, the data were replotted in Fig. 3 in terms of
threshold elevation, i.e. increase in threshold in the
presence of flanks relative to that in the absence of
flanks.
It can be seen that in three observers, the magnitude
of the contextual effect is similar at all SOA. One
Fig. 1. Schematic stimulus configurations for measuring the orienta-
tion discrimination threshold, with either vertically oriented flanks
surrounding the target (shown here), or flank-absent conditions.
Observers were required to fixate on the cross in the monitor center
during the whole trial period. Observers initiated each trial by a key
press. The sequence of the trial comprised: spatial cue, stimulus and
flank displays, mask. The observer’s task was to report whether the
target was tilted left or right of vertical. The target appeared in one
of four possible locations, 4° away from fixation in a quadrant that
was selected randomly. Only the upper right part of the display is
shown here, as schematized by the dashed left and bottom edges. See
the text for further details.
Z. Vidnya´nszky et al. / Vision Research 41 (2001) 2813–2817 2815
Fig. 2. Effect of the context on the orientation discrimination threshold. The ordinate of each datum is the orientation discrimination threshold,
and the abscissa is SOA. Results of the four observers are shown. The threshold elevation at short SOA in the no-flank condition (triangles)
represents the backward masking effect. The presence of flanks (squares) resulted in a strong threshold elevation at all SOA relative to the no-flank
condition.
subject shows the tendency of having larger flanking
effect at a shorter SOA compared to longer. There were
large individual differences in the magnitude of the
contextual effect.
4. Discussion
We have found that backward masking has very little
or no effect on the magnitude of context-induced
threshold elevation. Backward masking significantly in-
creased thresholds at short SOA for both the no-flanks
and the flanks-present condition. Nevertheless, the ratio
of the flanks-present threshold and the no-flanks
threshold, remained similar at all SOA tested. Since this
ratio is a measure of the contextual effect, these results
indicate that the effect is largely independent of the
available stimulus processing time, which covaries with
SOA.
Let us consider first the neural effect of backward
masking. Electrophysiological recordings from
macaque inferior temporal cortex provided evidence
that backward masking interrupts the processing of the
Fig. 3. Context-induced threshold elevation as a function of SOA.
The ordinate is the logarithm of the ratio of the threshold in the
flank-present condition and the no-flank condition. Threshold eleva-
tion is similar at all SOA for three observers. ZSN shows a larger
context effect at short SOAs.
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masked stimulus (Rolls & Tovee, 1994; Rolls, Tovee,
Purcell, Stewart, & Azzopardi, 1994; Kovacs, Vogels,
& Orban, 1995; Rolls, Tovee, & Panzeri, 1999). It was
shown that when SOA is as short as 20 ms, the neu-
ronal response to the test is very short (30 ms) and
that the number of spikes in the first transient compo-
nent and accordingly the information available in it
are strongly reduced (Rolls & Tovee, 1994; Rolls et
al., 1994; Rolls et al., 1999). The authors suggested
that these neural effects may be regarded as neural
correlates of the perceptual effects of backward mask-
ing in human observers studied using the same experi-
mental protocol as that used in the neurophysiological
study in a face identification task.
However, when the SOA is about 50 ms or more,
the first transient of the neuronal response in the infe-
rior temporal cortex is not or very weakly affected by
backward masking (Rolls & Tovee, 1994; Kovacs,
Vogels, & Orban, 1995; Rolls et al., 1999). The onset
transient response component of V1 neurons is simi-
larly unaffected by backward masking with SOA of
100 ms (Macknik & Livingstone, 1998). These results
are in agreement with those models of backward
masking (Pollen, 1999; Enns & Di Lollo, 2000;
Lamme & Roelfsema, 2000), which suggest that the
masking effect is due to the disruption of the recurrent
interactions between higher and lower visual areas.
According to these models and the electrophysiological
data, backward masking (even with the shortest SOA
of 56 ms) in our experiments should leave intact the
first transient component of the neuronal response to
the target and should strongly interfere with its later
sustained component. That is, the information re-
quired for the target orientation discrimination must
be extracted mainly from the first transient response
component. Therefore, our finding that the magnitude
of the contextual effect is similar at all SOA would
suggest that the neuronal mechanisms that are the
correlates of the perceptual effect of the context are
represented in the first transient component of the
neuronal response. This is in agreement with neuro-
physiological results on the contextual inhibition in
V1. It was shown that the surround effect is present
from the onset of the neuronal response, and that the
strongest inhibition occurs at about the same time
when the response to the stimulus in the center of the
receptive field reaches the maximum (Knierim & van
Essen, 1992; Kapadia et al., 1999; Nothdurft et al.,
1999; Li et al., 2000). Moreover, in one of the studies
(Kapadia et al., 1999) where the stimuli were displayed
for only 100 ms, which is the closest to our display
time, the contextual inhibition was exclusively present
in the first transient response component of the V1
neurons.
In conclusion, threshold elevation due to contextual
inhibition in an orientation discrimination task is es-
sentially independent of the available processing time,
implying that the underlying mechanisms are present
already at the early stages of neural processing. Thus,
perceptual effects of contextual modulation are in re-
markable agreement with the neural effect of the con-
textual inhibition measured in V1, which was found to
be the most pronounced in the first transient neuronal
response component.
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